Cementitious materials doped with carbon nanoparticles are robust materials capable of transducing strain into changes in electrical resistance. These properties encourage the development of spatially distributed sensors for structural health monitoring of concrete structures. Yet, very few applications of transducers made of cement-based nanocomposites to structural elements have been documented. ing of the dynamic behavior of cement-based carbon nanotube sensors by conducting experiments on a full-scale reinforced concrete beam for output-only identification of natural frequencies. The performance of the novel sensor is benchmarked against off-the-shelf strain gauges and accelerometers. Results
Introduction
It is recognized that SHM of civil structures has the potential to enable 9 timely inspection and maintenance, consequently enhancing structural safety 10 and structural life expectancy [7, 8] . However, practical SHM applications efforts are made to enhance the CNTCS signal-to-noise ratio to improve the 47 resolution in dynamic identification. These include modifications to the fab-48 rication process and to the data acquisition procedures.
49
The paper is organized as follows. Section 2 presents the background the-50 ory on CNTCS, including the state-of-the-art summary, fabrication process, The fabrication process of CNTCS is schematically described in Fig. 1 .
112
First, the plasticizer, type SKY 521, is added to deionized water in the 113 amount of 5% of the volume of water ( Fig. 1(a) ). Second, MWCNTs are 114 added to the mix ( Fig. 1(b) Fig. 1(d) ). Lastly, the solution is mixed for 15 minutes with 123 a mechanical agitator with a speed of rotation of 1500 rev/min ( Fig. 1(e) ).
124
Sonication has been recognized as the key step in the manufacturing process, 
128
The nanomodified aqueous solution resulting from the mixing procedure 129 is added to cement powder ( Fig. 1(f) ), and manually mixed to obtain the 130 nanocomposite cement paste. The material is then poured into oiled molds
131
( Fig. 1(g) ) and the copper electrodes are embedded in the paste ( Fig. 1(h) ).
132
After settling, the sample is unmolded for curing ( Fig. 1(i) ).
133
The effective dispersion of nanoparticles in the aqueous solution and in 134 the cement paste is controlled using a scanning electron microscope (SEM) 
where R 0 is the unstrained electrical resistance and λ is a gauge factor.
148
Unlike for conventional strain gauges, Eq. (1) the power voltage necessary to obtain a measurable level of current intensity.
166
In this paper, linearity of Eq. (1) The laboratory setup comprises (see 
207
The data acquisition chassis is a NI PXIe-1073 and hosts four modules: filters.
232
The current intensity outputted by the CNTCS under application of a sta- 
244
In this laboratory setup, a two-probe measurement configuration is adopted 
and for lateral modes is
with
where L is the span length, µ = 2500 kg/m 3 the material density, E = 30000 
Data processing techniques

286
The Choi-Williams time-frequency distribution is used for investigating Time-frequency distributions can be generalized as follows:
where 
381
These peaks can be attributed to the non-white nature of the input in the 382 vibration tests.
383
The comparison between identified and analytical frequencies is reported 384 in Table 3 . Results show a very good agreement for modes V1, V3, V4, 
Conclusions
426
In this paper, the use of composite cementitious sensors with carbon-427 nanotubes has been proposed for vibration monitoring of RC structures. 
445
• CNTCS exhibit a non-linear input-output behavior, with a hysteresis 446 larger during compression than during decompression.
447
• Electrical polarization of CNTCS results in signal distortions at low-
448
frequencies that can be eliminated using high-pass filtering (in this 
